T here is a well-established body of literature showing positive associations between volume of patients and clinical outcomes in health care, which has been documented by a systematic review. 1 However, this association has usually been examined in a limited number of discrete procedures, and most studies have involved hospital-based services rather than primary care settings. [2] [3] [4] [5] Improving our understanding of the association between volume of patients and outcomes in primary care is important for several reasons. First, most contacts with health systems occur in primary care settings, and optimizing the delivery of these services has the potential to improve the health of the population. 6 Second, over the past decade, primary care has assumed greater responsibility for managing the growing burden of chronic disease. 7, 8 Larger providers may be better resourced, through the employment of additional support staff and greater use of information technology, to deliver the systematic, structured care necessary for the effective management of chronic disease. 6, 9 Third, larger providers may have been more responsive to nonfinancial and financial incentives, including pay for performance, implemented by payers aimed at improving the quality of care. 7, 10 Fourth, in many countries, primary care is based around a predominance of small practices. 6, 11, 12 In 2006, 53% of practices in England and Wales had three or fewer family physicians. 11 In the same year in the United States, 30.3% of family physicians were in solo practice; 9.4% were in two -physician practices. 12 Despite the limited data available, concerns have been raised about the standards of care delivered by smaller family practices. 13 In the United Kingdom and Canada, this has resulted in an explicit policy objective of encouraging small er practices to amalgamate. 13, 14 Association of practice size and pay-for-performance incentives with the quality of diabetes management in primary care
Methods : We conducted a retrospective opencohort study using data from the General Practice Research Database. We enrolled 422 general practices providing care for 154 945 patients with diabetes. Our primary outcome measures were the achievement of national treatment targets for blood pressure, glycated hemoglobin (HbA 1c ) levels and total cholesterol. 
Results

Interpretation:
We found no evidence that size of practice is associated with the quality of diabetes management in primary care. Pay-forperformance programs appear to benefit both large and small practices to a similar extent.
Our study examines the associations between the size of practice and the quality of diabetes management in UK primary care settings between 1997 and 2005. We tested the hypotheses that patients attending larger family practices receive better care for diabetes and that the quality gap between larger and smaller practices has increased over the past decade. We also hypothesized that larger practices derived more benefit from the Quality and Outcomes Framework, a major pay-for -performance program in primary care introduced in 2004.
Methods
The General Practice Research Database holds anonymized, longitudinal records of primary care for about 5% of the people registered with a general practice and is representative of the general UK population. 15 Participating practices follow an agreed-upon protocol for the collection of demographic and clinical data and submit anonymized records to the database regularly. 15 The accuracy and completeness of the data have been documented previously, and the database is used extensively for health service and epidemiological research. [15] [16] [17] [18] We obtained an extract from the database containing the medical records of all adult patients (≥ 18 yr) with diabetes who were registered with participating practices between 1997 and 2005. For some practices, data were only available for a shorter period or for several shorter intervals during the study period. Patients with diabetes were identified using both diagnostic (C10) and management (66A) Read and Oxford Medical Information Systems codes for diabetes mellitus.
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Study variables
Our primary outcomes were the achievement of national targets for glycated hemoglobin (HbA 1c ) level (≤ 7.0%), blood pressure (< 140/80 mm Hg) and total cholesterol (≤ 5 mmol/L). 20, 21 We used mean annual values where patients had more than one measurement in a year. Practice size was defined as the total number of patients registered in each practice and was assigned to quintiles (1 being the smallest and 5 being the largest) ( Table 1) .
Secondary outcomes included indicators of processes of care (whether blood pressure, cholesterol and HbA 1c were measured) and prescribing of oral hypoglycaemic, antihypertensive and lipid-lowering medications. Our analyses were adjusted for age, sex, socio economic status, duration of diabetes, body mass index and number of comorbid conditions (hypertension, atrial fibrillation, stroke, heart failure, coronary artery disease, asthma, depression, osteoporosis and chronic obstructive pulmonary disease [COPD] ). Based on the postal codes of the general practices involved, socioeconomic status was assigned to each patient using the Index of Multiple Deprivation 2004, the most commonly used method of measuring the socioeconomic status of a neighbourhood in the UK.
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Statistical analysis
The data have a two-level structure as patients are "clustered" within practices. Patient characteristics, process of care and prescribing are described as frequencies or mean values by practice size. Target achievement is described as a mean percentage. Differences between quintiles were compared using Pearson's χ 2 test for categorical variables and analysis of variance for normally distributed variables.
We used interrupted time series regression analysis with random effects to assess the impact of pay for performance on the achievement of national targets for blood pressure, HbA 1c and cholesterol. Our model estimated three main parameters: the baseline trend in target achievement before the introduction of pay for performance (1997) (1998) (1999) (2000) (2001) (2002) (2003) , the immediate effect of the introduction of pay for performance (2004) and the change in slope from before to after the introduction of pay for performance (2004) (2005) . We used a robust estimator for the standard error to control for the clustering of patients within practices. For the achievement of targets for HbA 1c , only data from 2000-2003 were used to examine the baseline trend, as this was the period when a linear trend was seen.
We also examined differences in the achievement of targets between different quintiles for each year between 1997 and 2005. We used generalized estimating equations adjusting for the clustering of patients within practices (i.e., at the practice level). Unlike standard logistic regression, generalized estimating equations allow for dependence within clusters; patients receiving treatment from the same family practice are expected to have more similar outcomes than patients receiving treatment from different practices. All covariates were entered in both sets of models with none removed. A two-sided p value of less than 0.05 was considered statistically significant.
Results
We identified 154 945 adult patients with diabetes who were registered with 422 participating practices during the overall study period. The num ber of people with diabetes increased from (Table 1) . Furthermore, smaller practices had a higher mean deprivation score (i.e., they were located in more socioeconomically deprived areas) than larger practices in 2005, but not in 1997.
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Process of care and prescribing
There were large improvements in the recording of process measures and the prescription of medications for secondary prevention from 1997 to 2005 (Table 1) . However, practice size did not influence processes of care or prescribing within either year.
Achievement of targets
Blood pressure
The proportion of patients whose blood pressure met the national target increased in all size groups between 1997 and 2005 ( Figure 1 , Appendices 1 and 2, available at www .cmaj .ca /lookup/suppl/doi:10.1503/cmaj .101187/-/DC1).
We assessed the effect of pay for performance on the underlying trends in target achievement using interrupted time series analysis (Table 2 , Appendix 3, available at www .cmaj .ca /lookup /suppl/doi:10.1503/cmaj .101187/-/ DC1) . Our model showed that target achievement increased annually by 2.2 percentage points before the introduction of pay for performance, with no difference in improvement between quintiles.
In the year in which pay for performance was introduced, we saw an immediate additional improvement in target achievement of 2.2 percentage points on the top of the pre-existing trend, i.e., an increase of 4.4 percentage points from the previous year. The size of this improvement was significantly lower in the second quintile than in the first quintile (i.e., among the smallest practices) ( Table 2) .
In the year after pay for performance was introduced, we saw an additional increase of 1.6 per centage points, translating to an accelerated improvement of 3.8 percentage points compared with the 2.2 percentage points per year before the scheme's introduction, with no significant differences in improvement between quintiles.
We used generalized estimating equations to examine the differences in target achievement between quintiles for each year from 1997 to 2005. After adjusting for covariates, there were no statistically significant variations in achieving the national target for blood pressure between the smallest and largest practices in any year during this period (Figure 1, Appendices 1 and 2 ).
Cholesterol
The proportion of patients whose total cholesterol levels met the national target improved in all size groups during the study period (Figure 1 , Appendices 1 and 3). Before pay for performance was introduced, there was an annual improvement in target achievement of 4.9 percentage points (Table 2 ). This improvement did not significantly differ between quintiles.
In the year in which pay for performance was introduced, we saw no immediate significant improvement in target achievement.
In the year after pay for performance was introduced, target achievement significantly improved by an additional 2.5 percentage points, for an increase of 7.4 percentage points in comparison with 4.9 percentage points per year before the scheme's introduction. The size of this improvement did not differ be tween quintiles.
Using generalized estimating equations, we saw that target achievement was lower in the larger practices than in the smallest practices in 1998, but there were no statistically significant variations in performance between small and large practices for other years during the study period ( Figure 1, Ap pendices 1 and 2 ).
HbA 1c
The proportion of patients meeting the target for HbA 1c level increased in all quintiles during the study period, but at a lower rate than those seen for blood pressure and total cholesterol (Figure 1) .
Before the introduction of pay for performance, target achievement increased annually by 2.0 percentage points (Table 2) . Interrupted time series analysis suggests that in the year in which pay for performance was introduced, there was no significant additional improvement in any of the quintiles. In the year after the introduction of pay for performance, target achievement declined by 0.2 percentage points in comparison with the rate before the scheme was introduced.
In 1997, the proportion of patients achieving the target HbA 1c level was considerably lower among patients who received treatment from the largest practices (30.7%) than among those registered with smaller practices (40.7%) (χ 2 test, p < 0.001), but these differences were not significant after adjusting for covariates in generalized estimating equations (Figure 1) . In 1999 and 2000, the largest practices had significantly lower target achievement than the smallest practices, but there was no difference in performance in other years.
Interpretation
During the last decade, there has been substantial improvement in the management of diabetes in Research the UK in response to a wide range of initiatives and considerable investment in health services. Despite the paucity of information on the association between patient volume and outcome in diabetes care in family practice settings in the UK, there has been much debate about the ability of smaller practices to respond to the incentives offered, to extend the range of preventive services and to deliver comprehensive care for chronic diseases. 13 Our results show modest absolute differences in the quality of diabetes care between small and large practices in 1997, with these differences narrowing as the study progressed.
The introduction of the Quality and Outcomes Framework was associated with accelerated improvement in controlling blood pressure and total cholesterol levels that was higher than predicted by the underlying trends before the scheme was introduced, with no differences between the smallest and largest practices. There was already evidence of rapid improvements in the quality of clinical care before pay for performance. Our study builds on the literature by isolating the impact of this pay-for-performance scheme from existing trends in practices of different sizes. 23 By 2005, we found improved attainment of targets for cholesterol level and blood pressure that exceeded the underlying trends in all practice sizes. Such an improvement was not seen for the achievement of the target for HbA 1c level, which is consistent with the results of other studies. 23, 24 Because the control of blood glucose levels requires greater involvement of the patient with his or her care, as well as the cooperation of family practitioners and staff, it might be expected to be more sensitive to the organizational characteristics of practice (e.g., size) than the control of blood pressure or cholesterol.
Comparison with other studies
Previous studies examining the associations between volume of patients and health outcomes in primary care have produced conflicting results. Some studies showed that the size of a practice had no impact on diabetes control, al though smaller practices were more accessible and had better interpersonal care, provided better continuity of care and achieved higher levels of satisfaction among patients compared with larger practices. [2] [3] [4] 25, 26 Other studies reported superior diabetes control in larger practices. Our results correspond with other studies that suggest high-level recording of process measures but persisting suboptimal achievement of established intermediate outcome targets. 5, 27 Strengths and limitations Our study involved a large, representative sample of people with diabetes in the UK. Almost the entire population of the UK is registered with a family practitioner, and people can only be registered with one practice at a time. We were thus able to accurately calculate the prevalence of disease prevalence and rates of treatment. 28 Before the introduction of pay for performance, coding may have been less accurate owing to the lack of financial incentive. Payments to family practices under the current contract are weighted by the prevalence of diabetes, hence there is a financial incentive to identify and report all cases of the disease. 29 Because of the lack of data on the races and ethnicities of patients, we could not determine whether these factors might influence our outcome measures. Were were also unable to distinguish between type 1 and type 2 diabetes.
Single-handed practices are under -represented in the General Practice Research Database, meaning that we may not have captured the full diversity of small practices.
Because most of the patients involved in this study had one recorded measurement for cholesterol and HbA 1c , we used mean annual values where patients had more than one measurement annually.
The basis for our analyses was the assumptions that the introduction of pay for performance was responsible for the differences seen between trends before and after the start of the program. We analyzed trends in target achievement over seven time points before the introduction of the framework. However, the estimations for the achievement of HbA 1c targets may be less robust than those for blood pressure and cholesterol targets; the estimations for HbA 1c were based on trends over a fouryear period from 2000 to 2003, which is when a linear trend was seen. Our approach is superior to previous research designs that predicted performance based on two time points before the introduction of pay for performance. 5, 30 Furthermore, our analyses have been adjusted for several characteristics that might have varied during the study period. 31 For example, smaller practices were more likely to be located in socioeconomically deprived areas in 2005, but not in 1997. One possible explanation is that smaller practices in more affluent areas might have been more likely to amalgamate into multipartner practices compared with smaller practices in more deprived areas. 11 We did not have information on the number of family practitioners employed and infrastructure support provided by practices. The framework, however, does not consider the number of full-time equivalent physicians employed in a practice; rather, it looks at the quality of care provided by the practice team as a whole.
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Conclusion
We found no evidence that smaller practices provided lower quality of care for diabetes or benefited less from pay for performance than larger practices in UK primary care settings. Our data support the view that different types of practices might have different strengths, and no single type of practice has a monopoly on high-quality care. 3 Our findings are of particular importance at a time when health care managers increasingly promote the consolidation of practices into larger units as a means of improving quality of care. Decisions about the consolidation of primary care-for example, through the development of polyclinics-should continue to be based on the performance of health systems at a local level to address deficiencies in access to primary care and the quality of local health services.
